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), alkaline phosphatases, büirubin, cholesterol, aspartate and alanine aminotransferaseSj and lactate dehydrogenase confirmed the severity of liver damage in group B, but they were also observed in slightly more than 50% of group C aiiimals. This demonstrated the true extent of the disease, which could be best assessed by the measurement of serum -glutamyltransferase; but since this enzyme was stil^elevated one year later, it cannot be used äs a reliable prognostic parameter.° UC °P fied in Australia, New Zealand and South Africa (1), Facial eczema is a photoseiisitization syndrome sec-was first observed in European sheep in 1982 (2) and ondary to liver damage by sporidesmins, the myco-can be considered an interesting model for so-called toxins of Pithomyces chartarum. This disease, identi-hepatogenic photosensitization. Moreover, it was . , shown that in cattle herds in which less than 10% of f ) Enzymes animals exhibited the skin Symptoms of the disease, Alanine aminotransferase ( ,-Alanine : 2-oxoglutarate ami-40 to 50% had elevated serum -glutamyltransferase phosh *~P-*= dhtal bioch emis ,ry of facial aminotransferase, EC 2.6.1.1) has almost only been investigated in experimental -Giutamyltransferase [(5-Glutamyl)-peptide : amino-acid 5-trials. To the best of our knowledge, there is only one iÄSdSÄ?^äi.:NAD* oxidoreductase, ««Port (4) of a spontaneous intoxication of 31 sheep EC 1.1.1.27) out of a flock of 214, in which significant increases of serum cholesterol and aspartate aminotransferase were reported in most animals, while bilirubin was increased in about 50%, and alkaline phosphatases and alanine aminotransferase were unchanged. Experimental studies following oral dosage with sporidesmin confirmed:
1) cholestasis with increases of bilirubin, cholesterol, triacylglycerols, phospholipids, bile acids and -glutamyltransferase (5 -8), 2) cytolysis with elevations of aspartate aminotransferase, ornithine carbamoyltransferase and glutamate dehydrogenase (5, 6, 9), 3) liver function impairment with decrease of albumin and increases of prothrombin time and bromosulphonphthaleine retention (6, 10), 4) hepatitis with elevation of total proteins, mainly due to -globulins and to a lesser degree ß-globulins (6, 10); moreover, alkaline phosphatases and alanine aminotransferase were shown to be unchanged (5, 6, 9) .
Nevertheless, äs no study dealt with the comparison of the diagnostic value of these tests or with their applicability in field conditions, we devised an experiment to test the value of a wide panel of biochemical analyses on a large number of animals during an outbreak of the disease in 1984-85.
Materials and Methods
All observations were carried out in the French Pays Basque in Manech sheep between the autumn of 1984 and the auturan of 1985. Facial eczema was assessed by clinical Symptoms and the Isolation and culture of the Pithomyces chartarum collected on the pastures (11), followed by identification and measurement of sporidesmin by high-performance liquid chromatography, äs previously described (12, 13) .
Serum biochemical profiles were analysed in the following ewes, all of which had been bred under almost the same conditions: 100 controls (group A) grazing pastures where no facial eczema or P. chartarum were recorded, 30 clinically ill cases of "facial eczema" with skin Symptoms (group B), and 219 apparently healthy ewes (group C) grazing the same pastures äs group B. Sodium, potassium, Chloride, bicarbonates, calcium, phosphates, iron, urea, creatinine, urates, bilirubin, cholesterol, triacylglycerols, glucose, total proteins, albumin, alkaline phosphatases (EC 3. Clinically ill animals (group B)
In animals of group B, with clinical Symptoms of facial eczema, most changes were very inteiise, especially those of cholesterol, bilirubin, aspartate aminotransferase, alkaline phosphatases, lactate dehydrogenase, and -glutamyltränsferase, which were increased möre than 3-fold. In comparison, calcium, iron, creatinine, triacylglycerols, total proteins and alanine aminotransferase were only slightly increased, whereas chloride, glucose and albumin were decreased (tab. 1).
Apparently healthy animals (group C)
In apparently healthy animals grazing the same pastures äs group B, similar but less intense statistically significant disturbances were observed for the same parameters, except for chloride, proteins, glucose and alanine aminotransferase (values not shown). However, these animals formed a very heterogeneous group, with very broad ranges for most parameters, especially -glutamyltransferase. As shown in figure l, group C was clearly divided, according to the distribution of serum y^glutamyltransferase activities, into two very different süb-groups: a relatively homogenous one having low activities and a very heterogenous one with high activities. Thus, subdivision of group C appeared necessary.
In seeking the best criterion for partition, the upper limit of "normal" was first determined for all the parameters showing significant changes in group B. The m + 3 s limits or the 99.5 percentiles of eontrols (group A) were chosen according to the Gaussian or non-Gaussian distribution of the parameters. The percentage of animals in group C which had values higher than these limits were then calculated. As shown in table 2, serum -glutamyltransferase provided the best results with a limit fixed at 112 U/l (i.e. m + 3 s of values in controls, the distribution of which being not significantly different from GäwÄsian); no other test significantly improved the classification thus obtained. 
Tab. 2. Diagnostic value of the various serum parameters for facial eczema of sheep. a: percentage of animals from group C having a given Parameter higher than the upper limit (N) of normal (X>N). b: percentage of animals from group C having a normal serum γ-glutamyltransferase activity and a given parameter higher than the upper limit (N) of normal (X > N and γ-glutamyltransferase ^ 112 U/l). This result led to the subdivision of group C into two sub-groups with γ-glutamyltransferase values above or below 112 U/l. In the subgroup with γ-glutamyltransferase below 112 U/l (n = 105), no parameter shovved significant differences from controls (group A), while in the sub-group with γ-glutamyltransferase higher than 112 U/l, all parameters were significantly different from controls, except for alanine aminotransferase (tab. 1). However, in the latter animals most variations were significantly less intense than in clinically ill (group B) animals: only calcium, iron and creatinine showed similar (moderate) increases (tab. 1).
Changes with time
The changes in serum biochemistry in the five ewes observed for 200 days are given in table 3 for the only parameters showing significant alterations. At the beginning, biochemical disturbances were the same s in animals of group B, then Chloride and glucose increased, while cholesterol, γ-glutamyltransferase and lactate dehydrogenase decreased. However, these recoveries were only significant at day 200 and at this date serum γ-glutamyltransferase (p < 0.001) and lactate dehydrogenase (p < 0.01) were still higher than in controls (group A). On day 200, γ-glutamyltransferase activities were above 112 U/l, except in one animal.
In the 12 other animals, which had survived for one year, seven serum parameters were significantly (p > 0.001) disturbed s compared to group A: potassium (5.1 mmol/1), bicarbonates (23 mmol/1), and glucose (2.81 mmol/1) were lowered, while cholesterol (3.18 mmol/1), total proteins (80 g/l) and γ-glutamyltransferase (186 U/l) were increased.
Discussion
In clinically ill animals (group B), some of the intense disturbances observed had already been reported, following natural or experimental intoxications; they result from the postulated pathogenesis (16, 17) of sporidesmiotoxicosis:
-cholestasis and secondary cholangitis, with dramatic increases of γ-glutamyltransferase, alkaline phosphatase, bilirubin, cholesterol and more moderately of triacylglycefols, -liver cytolysis demonstrated by increases of aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase and perhaps of iron, -liver insufficiency shown by the decrease of albumin and glucose.
Nevertheless, in previous reports alkaline phosphatase and alanine aminotransferase were shown to be nchanged (4, 5, 6, 9) : this discrepancy could result from the lack of sensitivity of outdated aiialytical proce* dures and/or the relatively poor diagnostic significance of these enzymes in sheep (l 8) and/ r individual variations.
Other disturbances, e. g. of calcium and Chloride, could be the result f hydroelectrolytic changes in animals that remained prostrated and stopped feeding and drinking. The relatively moderate increases of creatinine could be result of kidney function impaire·? ment, s sporidesmin has also been reported to be nephrotoxic (19) .
Serum biochemistry demonstrated that some apparently healthy animals of group C were s ffering less intense but similar disturbances to those of the clinically ill group grazing the same pastures. This observation confirms that the disease is more widely distributed than would be supposed from the skin Symptoms; this is already apparent from serum γ-glutamyltransferase measurement in cattle (3) and from the slaughter-house examination of sheep liver (21) . However, group C was very heterogeneous and the most interesting observation is the diagnostic value of the concentration of γ-glutamyltransferase activity, which was the best parameter for revealing unapparent liver alterations in group C animals. Serum γ-glutamyltransferase was previously demonstrated to be the best criterion for detecting liver lesions in experimental sporidesmiotoxicosis of sheep (8) natural facial eczema of cattle (20) ; in this experiment, it was demonstrated that it was also the best test in field conditions for sheep facial eczema.
As the sub-group with γ-glutamyltransferase below 112 U/l showed n significant differences from controls, these animals can be considered s truly healthy. In contrast, the animals with γ-glutamyltransferase higher than 112 U/l showed increases of the same Parameters s group B animals, except for alanine aminotransferase which is known to be a poorly sensitive marker of liver damage in sheep (18) . Nevertheless, the toxic effects were less severe than in clinically ill animals, especially for cholestasis, s shown by very significaiitly smaller increases of γ-glutamyltransferase, cholesterol, bilirubin (p < 0.001) and alkaline phosphatases (p < 0.003). In facial eczema, photosensitization results from accumulation in the skin of phylloerythrin, a photoactive metabolite of Chlorophyll normally excreted in bile (22); a less intense cholestasis could account for the absence of photosensitization in group C animals with γ-glutamyltransferase higher than 112 U/l.
Thus, animals of groups B and C, which were exposed to the same risks, s they grazed the same pastures, showed three very different responses; this heterogeneity cannot probably be accounted for by one single factor: it could result from individual resistance or sensitivity of sheep (23), or from a different ingestion of toxins resulting from the repartition of the fungus on the pasture, from the toxinogenesis of the strains and/or from the quantity of spores ingested by each animal (24, 25) .
The evolution of serum biochemistry with time could not be very accurately determined because many animals died or were slaughtered. Thus surviving animals are not representative of the whole flock.
In survivors tested for 200 days, the decrease of cholestasis, cytolysis and liver insufficiency (based on the levels of γ-glutamyltransferase and cholesterol, lactate dehydrogenase, and glucose, respectively) did not occur until day 200 following the first Symptoms. Even at this date, γ-glutamyltransferase and lactate dehydrogenase activities indicated the persistence of some cholestasis or induction associated with a moderate cytolysis.
In the group of animals observed one year after the outburst of the disease, a similar but more moderate increase of γ-glutamyltransferase was observed; s in the case of the decreased serum glucose, this could result from an altered alimentary supply. The elevation of total proteins could be the consequence of a chronic inflammatory process; it was also observed in the five ewes observed for 200 days (mean = 75 g/l) but it was not statistically significant.
Although it has been reported that serum γ-glutamyltransferase is correlated with the severity of experimental liver damage by sporidesmins (8), our observation, one year after the outbreak of the disease, of very high serum γ-glutamyltransferase levels in sheep having an excellent health Status casts some doubts on the value of this parameter for predicting the economical future of animals. Thus, serum biochemistry cannot be used for prognostic purposes, whereas measurement of serum γ-glutamyltransferase levels is the best criterion for detecting the liver lesions of facial eczema, even in apparently healthy animals.
